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Description 

PHENOLIC THI ETHERS. THEIR PRODUCT! N AND USE 

The present invention relates to phenolic thioethers, and their production and use. More particularly. « 
rotates to novel phenolic thioethers. which inhibit the denaturatlon of low density lipoproteins (LOL) ond the 
5 incorporation of LOL by macrophages and are useful as anti-arteriosclerosis agents, and their production and 
use. 

Atherosclerosis In an extremely common form of arteriosclerosis In which deposits of yellowish plaques 
containing cholesterol, lipoid material and Kpophages are formed within the intJms. and inner media of large and 
medium-sized arteries. As the factors causing atherosclerosis, ihere may be exemplified hypertension, 

w hyperlipemia, excessive cigarelle smoking, obesity, diabetes metCtus. hyperuricemia, stress, heredity, lack of 
exercise, etc., and the accumulation of two or more of these factors over a long period of time would lead to 
atherosclerosis. Among those factors, the behavior of cholesterol existing as LDL in blood is noted. The 
penetration of LDL Into the arterial walls and the Incorporation of LDL by macrophages, which produce the 
accumulation of cholesterol In tha inner media and troubles in the Wood vessel, are especially Important. On 

is the other hand, the factors such as the increase of blood cholesterol due to troubles in the Incorporation of 
LDL Into (iver and the metabolism of LDL in liver, the hydrodynamic state of blood due to the change of the 
physical properties of blood and 'ed blood corpuscles, damage to the endothelium, the abnormal hyperplasia 
of arterial walls and the depress-on of the lipid utilization in arterial tlssues,a/e considered to promote the 
occurrence of atherosclerosis. 

SO For medical treatment of atherosclerosis, there have heretofore been used anti-arteriosclerosis agents 
such as pyrldlnol carbamate, lipid lowering agents such as chlofibrate, nicotinic acid, alpha-tyroxine and 
cholestyramine, anti-platelet agerts such as dipyridamole and aspirin, etc. Also, dkert-butylpherwl derivatives 
havng »ntl-arteriosclerosfs actvity are disclosed In JP-B-520271M, JP-B-600S9262. JP-B-61 026539, 
JP-A-5212S171, etc. Further, stp;clurally related compounds having antl-oxldative activity are disclosed in 

25 JP-A-49075551. JP-A-48075552, JP-A-58090545, JP*-61 191670. JP-A-61 -197554, JP-A-61210073. JP- 
A-6121B57C, JP-A-61258664, US patent 4,076.841. Chemical Abstracts, Vol. 94, 30290c (1981), etc. 

It Is generally considered thai normal LDL are no! incorporated by reticuloendothelial cells (scavenger cells) 
such as macrophages and Kuptjr cells, but denaturated LDL are incorporated through a receptor thereto. 
Also, it is considered that the receptor for denatured LDL does not decrease In number even when a large 

$0 amount of cholesterol Is accumulated in cells so that the accumulation of cholesterol is remarkably Increased, 
whereby the conversion into foam cells participating in the cause of atherosclerosis may take place. 

According to the above considerations, atherosclerosis may be prevented by Inhibiting the production of 
denatured LDL. The development of drugs which can inhibit the production of denatured LDL has thus been 
desired, but satisfaction is presently not Obtained in this respect 

35 As the result of an extensive study, It has now been found that phenolic thioethers of the following formula 
and their salts are quite effective in inhibition of the denaturation of LDL: 

(CH 3 ) 3 Cv 

KO-^_Vs-X-COCR (I) 



40 



(CH 3 ) 3 



wherein R Is a hydrogen atom o* a protective group for carboxyl. X Is a straight or branched C<*Cis alkylene 
45 group, a straight or branched C1-C15 alkylene group having a phenylene group or a straight or branched 

C2-Ci6 alkenylene group. (The Orm 'alkenylene 1 as hereinabove used Is Intended to mean not only the one 

having only one double bond bu< also the orte having two or more (particularly two) double bonds, inclusively.) 

Thus, they ere useful for prevention of atherosclerosis. 
With respect to the above formula (I), the protective group for carboxyl represented by the symbol R 
so includes any carboxyl-protcclina group normally having up to 19 carbon atoms, which is detachable without 

causing any undesirable chance in any olher portion of the molecule. Specifically, it includes a reactive 

cart) oxy- protecting group, a oharmaceuttcal carboxy-protecting group (U pharmacologically active 

ester-formmg group), etc. 

Representative examples of the reactive carboxy- protecting group are on optionally substituted alkyl group 
55 having 1 to 8 carbon atoms le.p. methyl, methoxymethyt. sthyl, ethoxymcthyl. lodomethyl, propyl, isopropyl. 
butyl, isobutyi, ethoxyethyl, rr«thylthioethyl, methanesutfonylelhyt, Irichloroethyl, t-buiyl), an optionally 
substituted alkenyl group havin-j 3 to 8 carbon atoms (e.g. property! , ally), prenyl, hexenyl, phenylpropenyl, 
dimethylhexenyO, an optional!" substituted aralkyl group having 7 to 19 carbon atoms (e.g. benzyl, 
melhylbenzyl, dimethylbenzyl, methoxybenzyl, ethoxybeneyl, nltroberwyl, aminobenzyl, diphenylmethyl, 
$0 phonylethyl trltyl, dl-t-butylhydr ixybertzyi, phthalidyl, phenacyl), an optionally substituted aryl group having 6 
to 12 carbon atoms (e.g. pherryt tolyl. diisopropylphenyl, xytyl. trichlorophcnyl, pentachlorophenyl, indanyl), an 
ester with an N-hydroxyamino «-Ompound having 1 to 12 wtoon atoms (e.g. acetoxlme, acetophenonoxime 
acctoaldoxtme, N-hydroxysucanimide. N-hydroxyphthalimide), a hydrocarbonaled silyf group having 3 to 12 
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carbon atoms (e.g. trimethyteilyl, efimethytmethoxyslyl, l-butyldlmeihytsllyl), a hydrocarbonated stannyl group 
having 3 to 12 carbon atoms (e.g. trimtthylstannyf), etc These groups may be further optionally substituted. 
Since the reactive carboxyf-proiecting group is oliminatod in an appropriate step up to the final target product 
Hs structure Is not important insofar as the purpose of protection is attained Thus, various groups equivalent 
thereto (04. amide, add anhydride with a carbonic acid or a carboxylic acid) may be used. 5 

The pharmaceutical carboxyl-protecting group may be. tor Instance, a pharmacologically active 
ester-forming group such as an ester-forming group showing an Inhibitory actMty on the Incorporation by 
macrophages, a lipid-oxidalion preventing activity or an ulcer controlling activity on the oral or parenteral 
administration. Representative examples are a 1-oxygen-subertituted alkyl group having 2 to 15 carbon atoms 
such as straight, branched, cyclic or partially cyclic alkanoyloxyalkyl (e.g. acatoxymethyl, acetoxyethyl, 10 
proptorryloxymathyl, prvaJoyloxymethyl, pivalcyloxyethyl, cyclohexaneacatoxyethyl, cydohexanecarbanylox- 
ycycJohexytmetnyl), alkoxycarbonyloxyalkyl havng 3 to 15 carbon atoms (e.g. elhoxycarbonyloyyothyl, 
Isooropoxycarbonyloxyethyl, tsaprupoxycarbortyloxypropyl, ^utoxycarbonyloxyethyl, Isopentylaxycarbony 
loxypropyl. cydcnexyioxycarbonyloxyethyl, cyclohoxylmclhoxyoarbonytoxyethyl. bomyloxyearbonyloxyiso- 
propyl). alkoxyelkyi having 2 to 9 carbon atoms (e.g. methoxymelhyl, methoxyelhyl). 2-oxacyeloaJkyl having 4 15 
to S carbon atoms (e.g. tetrahydropyranyl, tetnahydrofur»»nyl ester), substituted aralkyl having 8 to 12 carbon 
atoms (e.g. phenacyl, phthalidyl), aryl having 6 to 12 carbon atoms (e.g. phenyl, xytyl. Indanyl), alkenyl having 2 
to 12 carbon atoms (e.g. aflyi, (2-ox>1,3^ioxoryl)metriy1), etc. These groups may further be optionally 
substituted. 

Examples of the straight or branched C4-C1* alkylene group represented by the symbol X (as having a 20 
carboxy! group at the Uposltlon) are tetramemylene, pentamethylene, hexamethylene, heptamethylene, 
octamethylene, nonamathylerm, decametriylene, urtdecamethyiene, dodecamelhyfene, Iridecamelhylerie, 
tetradecamethylene. perrtadeccmethylene, 1.1-dImethylothyJenc, 2,2 dirrwthylcthytcnc, 1-mcthyhrimcthylcnc, 
1-athyttrimethylene. 2-methyftrirnethylene, 2,2-clmethylMnrwthylene, l-mathyttotramathyleno, 2-mothyltetra- 
methylene 2.2-dlmelhy hexamethylene, 1-methyfrtaptamothyleno, 2-methylheptamethylene, 2!2«iimethylhep- 25 
tflmethylene. 1-mothyioctametrylene, 2-methyloctamethylene. 2,2^lmethylnonamethylene, etc. 2-methylnon- 
emethyiene, 2,2-dimethy1nona.'nethylene, 

As the straight or branched C2-C15 alkerrylene group represented by X (as having a carboxy! group at the 
1-position). there may be exemplified vinylene, l-propenc-l,3-diyt. 2-mcthyM-propcnc-1>diy1, 2-mcthyl- 
1-propene-1,2-dfyJ, i-tou1erte-1.*-diyi, 1,3-butadiene-1.4-diyl ( 1-butene-1.3-dlyl, 1-pentene-1,5-dlyl. 1,3-penta- 30 
diGno-1.5 diyl, 1-hexene-1,6-diyl, 1.3-hexadlene-1.6-dly1 ( 1-hepTene-l ( 7-dlyl, 2,e^lmethyl-1,5-heptadlene- 
1.6-diyl. 1.3,5-heptatrllene-1,7-ily1 t 2 l 6-dlmetnyM,3,5-heptafriene-1,6-diyl, 1-odene-1,8-diyl, 1.3-octadiene- 
IjB-dlyl, 1-nonene-1,9-diyl. 1-fecans-1 ( 10-diyl. 1-undecene- 1.11-diyl, 1-dodeeene-1.12-diyl. 1-trldecene- 
1.13-diyl, 1-t9trad9cono-l.i4-ciiyi. i-pentadecene-1.15-dryl, 1-methyl-2-buiene-1,3-dlyl, 2-butene-2,3-dlyl, 

4- methyt-l-pentene-1,5-diyl, l-hexene-1,*-dty1, S-methyM.heptene-l,7-diyl, l-octene-1,7.diyl. 7-methyl- as 

I- nonene-i.S-diyl, 8 ( 3-dimethyi.i-decen*-1 J 10-diyl l etc. 
Examples of the straight or b anched C1-C15 alkylene group having a prwnylene group represented by X are 

those having a CvCis alkylene group (e g methylene, ethylene, trlmethylene) or a C*-Cib alkylene group at 
the4-poslGon ofaphenyt group (as having a carboxy! group at the 1-pcsition), optionally further bonded with a 
C1-C15 alkylene group at the 1 -position. 40 

When X in the phenolic thtoethers (II represents a hydrogen atom, it may be in the form of a free acid or a 
salt. In case of a salt form, It may be in a metal salt form or a quaternary ammonium salt form. Examples of Ihe 
motaJ which forms a metal salt *re metals belonging to Groups I to III In the 2nd to 1th periods in the periodic 
table (e.g lithium, sodium, potassium, magnesium, calcium, aluminium). Examples of the amine which lorms a 
quaternary ammonium salt ar« alkylamines having not more than 12 carbon atoms (e.g. irinielhyJemlnv, 4$ 
triethylemine, methylmorphollnel. aromatic bases having not more than 9 carbon atoms (e.g. pyridine, 
eollldlne, pleoline, quinolina, dimethylinitine), amino acids (e.g. glycine, lysine, arglnlne). etc. The quaternary 
ammonium salt is suitable for production or storage. 

Illustrative examples of the ohonolic thioothcrs (I) cf the invention are as follows: 

5- (3>DI-tert-buiyi-4-hydraxyphenyIthio)pentanoic add; 50 
S-(3,5-Dl-ten*buiyl-4-hydroxyphefiyrihl 0) hexano ic acid ; 
7-(3,S-Dl.tirt*utyi^hydroxypfienyrthtoJheptenoic acid; 

I I- (3,5-Di-tert-butyl-4-hydrcxynhenylthio)undecanoic acid; 
12-f3^DI-tert-butyl^hydroxynhenylthlo)dodecanolc acid; 

3- (3.S-Di-tert-butyl-4-hydroxyphenylthio)acryl(c edd; 5j 
e-fS^-Di-tert-bulyJa-hydroxyphenylthiol^^hexadienoic acid; 

4- (3^-Di-tert-but^ h>^roxyphcnylthio)crcrtonic acid; 
alpha.(3>Oi-tert-butyM-rtydroxyphenyrthio)-p-toluic acid. etc. 

These compounds can be t onverted Into their salts or esters, when dasired. 

The phenolic thioethers (I) enn be produced by reacting 2,6 -dMcrt butyl 4-mercaptophenol of the formula: 60 
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(JP-A-61-268864) with an alkylating agent optionally followed by carbcxyl-protecting group formation, 
salt-formation and/or eartwxy-protecting group elimination. 

The reaction may be performed In a per se conventional procedure for synthesis of a sulfide. As the 
alkylating agent there may bo exemplified (A) halogenated aliphatic acids such as (1) halogenatcd alkanolc 
acids (e.g. 4-bromobutanoie acid. 5-bromopentanolc acid, 6-bromohwanoicacid, S^romo^rnethylhexanoic 
acid, 7-brcmohepti*nolc acid, 6-bramooctanoic acid, 9-bromononanolc acid, 10-bromodocanoic acid, 
11-bromoundecanolc acid, 12-bromodecanoic add. 13-bromotrldecanoic acid. 14-bromotetradecanoic acid, 
15-bromopentadacanoic acid. Their 2-methyI. 22-dlmatnyl and/or chloro derivatives), (2) halogenated alkenoic 
acids (e,g.2-bromo-2-propende add, 4-bromo-2-butenoic add, 5-bromo-2-pemenolc acid, 6-bromo-2-hexa- 
noic acid, S-bromo-2,4-hoxanedienolc add, 7-bromo-?-heptenaic acid, 7*cromo-2,4-hepTadienoic acid, 
8-bromo-2-octenolc add, 8-bromo-4-octcnoic add, 8-bromo-2,4H>ctadlenoic acid, 0-bromo-2A6,-octatrte- 
noic acid. 9-bromo-2-noneic acid, tO-brorno-?A<iecad»enoic add) or (3) halogenated alkanoic adds having a 
phenylane group (e,g. alpha-bromo-p-tolulc add, 4-bromom8thylphenylacetic acid), (B) unsaturated aliphatic 
acids such as (1) alkenoic acid (e.g. 2-butenoie acid, 4-hentencic add, 5-hexanoic add, 6-heptendc add, 
7-octcnoic acid. 8-nonenonic acid. 9-decenoic acid, 10-undecenole add, 11 decenolc acid, 12-lrldecenoic 
acid, 13-tetradecenoieaeld, H pentadeoenolcae!d,23-heMdienolc acid) or (9) afkynoicadd (e,g. 2-propionic 
add, 2-butynic acid) and their carboxy-protected derivatives, for instance, carboxyltc esters. 

When a halogenated aliphatic add Is used as the alkylating agent, the reaction may be carried oul In the 
presence of a base (e.g. sodium hydroxide, potassium hydroxide, caldum hydroxide, potassium carbonate, 
pyridine, triathylamine) In a solvent such as alcohols (e.g, methanol, ethanol. propanol, t-bulanol), ethers (e.g. 
diethyl ether, tetrahydrofuran), rromatlc solvents (e.g. benzene) and N.N-dimctrjytacetamide under cooling, at 
room temperature or while reflux for a period of about 10 minutes to several ten hours. For acceleration of the 
reaction, the reaction may be carried out In a heterogeneous phase of an organic layer and an aqueous layer in 
the presence of a phase transfer catalyst [e.g. hexadod«cyl-tri-n-butylphosphonium bromide, tetrwthylarn- 
monium chloride). 

When an unsaturated aliphal "c add is used as the alkylating agent, the reaction is normally effected In an 
ethereal solvent (e.g. diethyl eirer, tetrahydrofuran) at room temperature or under heating, if necessary, in the 
presence of an activator such is oxygen, peroxides, azoblslsobutyronitrile, sulfur, sulfuric add, pipertdlne, 
tristrrylamine, Triton B* or N-n-ethylmorpholine. 

Elimination of the carboxyl-p^otecllng group may be accomplished by a per se conventional procedure, for 
instance, by treating with water in a water-misciblc solvent such as an alcohol (e.g. methanol, ethanol), an 
ether (e.g. diethyl ether, tetrahydrofuran, dioxane) or 1,2-dimcthoxyethane, if necessary, in the presence of an 
acidic catalyst (e.g. hydrochloric acid, sulfuric add. phosphoric add. acetic acid, p-toluenesutfonic acid, 
memanesulfonic add) or a bas e catalyst (eg. sodium hydroxide, potassium hydroxide, sodium bicarbonate, 
sodium melhoxlde) at room temperature or under heating for a period of several minutes to several hours, or 
by catalytic reduction. 

The active ester-formation may be achieved by a per se conventional procedure, for Instance, by reacting 
the phenolic thioether (I: R = H) with an alcohol or phenol derivative in the presence of a condensing agent 
such as dicyclohexylcarbodiimide. by reacting the acid chloride derivative of said phenolic thioether with an 
alcohol or phenol derivative in the presence of a basic substance (e.g. metallic magnesium, dimethylaniline, 
pyridine, sodium hydroxide), by reacting said phenolic thioether with an alcohol or phenol derivative In the 
presence of an acid catalyst (e.g. dry hydrogen chloride, cone, sulfuric acid), or by reacting a salt of said 
phenolic thioether with e hallce. 

The salt of the phenolic ihioether (I: R = H) as above stated can be easily produced according to a per se 
conventional procedure, for instance, by reacting the phenolic thioether with an appropriate base such as an 
alkali metal or alkaline earth meial hydroxide or carbonate, ammonium hydroxide, ammonia or on organic 
amine In a theoretical arnouw in an appropriate sotvent. The sail is readily recovered from Ihe reaction mixture, 
for Instance, by lyophyltzing or concentrating and filtering. 

The phenoBc thioethers (I) of the invention can prevent the Incorporation of UDL into macrophages, the 
oxidation of lipid, the formation of ulcer, etc. Therefore, they are useful for prevention and treatment of 
arteriosclerosis, gastric ulcer, allergic diseases, phlogistic symptoms, etc. 

Tt*f phenolic thioethers (I) may be administered orally or parenteralty to patients. For the oral administration, 
they are normally formulated nto conventional preparation forms such as solid preparations (e.g tablets, 
powders, capsules, granules) or liquid preparations (e.g. aqueous dispersions, oily suspensions, syrups, 
elixirs). For the parenteral administration, they arc usually applied in an injectable form such as aqueous 
solutions or oily dispersions On the formulalion of the above preparations, there may be used excipients, 
binding agents, lubricants, s ilvents, solubilurers, emuls'rfiers, dispersanta, etc. Other additives such as 
preservatives and stabilizing : .gents may be also used. 

The dosage of the phenoli; thioethers (I) varies depending upon the dosage form, age, bodyweight, 



JAN 07 '00 10:30 



B00-422-133? 



PRGE.05 



To: Sherry Knowles Froa: ReedFai Information Servicette) 1-7-2000 10:24aa p. 6 of IS 

EP 0 34* 203 A1 

symptom, etc. of the patient. For instance, the dosage for en adutt ranges usually from stoat 5 to 5000 m$ per 
day for oral administration or 05 mg to 500 mg par day for subcutaneous Injection, 

Thus, in one aspect the invention provides a pharmaceutical or veterinary formation comprising a phenolic 
Ihloather as defined above or salt thereof formulated for pharmaceutical or veterinary use, respectively, 
optionally together with an acceptable diluent, carrier or excipient and/or In unit dosage form. 5 

In another aspect the invention includes e pharmaceutical composition for the prevention or treatment of 
arteriosclerosis, which comprises an effective amount of a phenolic thioether as defined above or salt thereof 
as an active ingredient, and a. Dharrnaceuticaily acceptable inert earner or diluent. 

The Invention further provides the use of a phenolic thioether as defined above or salt thereof h the 
preparation of a medicament. 10 

In yet another aspect the Invention provides a method for the manufacture of a pharmaceutical or veterinary 
formulation comprising forroulat'ng a phenolic thioether as defined above or eatr thereof for pharmaceutical or 
veterinary use. respectively, optionally together with an acceptable diluent, carrier or exdptem and/or In unit 
dosage form. 

Pracliod and presently preferred embodiments for production of the phenolic thioethers (I) are shown in the 15 
following Examples, but It shojld be understood that these examples are given only fur the Illustrative 
purposes end do not limit the present invention thereto, 



Example 1 

5-(3,5-Dken-butyW-hydroxyphenyllhio)penianolc acid (la):- 

{C hh\^ tCH 3>3<\ 

110^ VsH > HO-/ / _Vs(CH 2 ) 4 COOH 

(CH 3 ) 3 C/ (CH 3 > 3 C/ 
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To a solution of 2,6-di-tert-b jtyl-^mercaptophenol (II) (400 mg) in ethanol (4 ml), a solution of sodium 
hydroxide (734 mg; 2 equivalent) In water (0.3 ml) was added while cooling with ice In nitrogen stream, and 
the resultant mixture was kept a- the same temperature for 5 mlnutee. After addition of 5-bromopentanoic acid 
(334 mo; 1 equivalent) thereto, the resulting mixture was stirred for 1 hour and allowed to stand at room 
temperature ovomight. The rescllon mixture was poured into water, made acidic with 2N hydrochloric acid In 
the presence of ethyl acetate and extracted with ethyl acetate. The organic layer was washed with water, dried 
over magnesium sutfate and r.oncerrtrated under reduced pressure to give an oily residue, wnich was 
chromaiographed on silica gel and eluted with a mixture of toluene and ethyl acetate (9 : 1 to 2 : 1 by volume) 
to give an oily residue (555 mg). Recrystallization from a mixture of ethyl etherand n-hexane gave ihe objective 
compound (la) (423 mg). m.p.. 99-100 c C. Yield, 744 ft*). 

Elementary anatysis (deHioOjS: 338.50); 

CaJed. (<Vb): C. €7.41; H, 6 93; S, 9.47. 

Found (OA): C, 67.40; H, 8 79, 3, 9.32. 

IR v max (CHCI.1) cmr': 3^3 3520 , 3040 (or), 1740, 1710.NMR 6 ppm (CDCb): 1.45 (s, 18H), t.60- t.«0 (m 
4H), 2 28 - 2.44 (m. 2H), 2.75 - 2 90 (m, 2H) 5.17 Is, 1H). 7.23 (s. 2H). 

Examples 2 to 4 

3.5-DMert-butyM^ydraxyphanylthioalkanoic acid (lb-ld):- 



60 



65 



5 



JAN 07 '00 10:31 



800-422-1337 PAGE. 06 



To: Sherry Knowles Froa: ReedFai Inforoation Servieetta] 1-7-2080 10:25an p. 7 of 15 

EP 0348203 A1 

<CH ) Cv (CH.) 3 Cv 

)r\ Br(CH 2 ) COOH * )— y \ 

ffO-T >SH — » HO-(/ N VS(CH 2 )COOE 

s \=/ KaOH/EtOH >=/ 

(C^C/ {CH3J3C/ 

(II) {n » 4 - 10) (lb - Id) 

10 

To a solution of 2,&-dMsn-buiy1-4-mcrcaptophenol (II) m ethanol, 5N sodium hydroxide solution (see Table 
1) was added while cooling with ice In nitrogen stream, and the resultant mixture was kept at the same 
temperature for 5 minutes. After addition of bromoalkanolc add thereto, tfie resulting mixture was stirred for 1 
is hour and allowed to stand at room temperature overnight. The reaction mixture was poured into water, made 
acidic with 2N hydrochloric acid in the presence ct ethyl acetate and extracted with rthyt acetate. The organic 
layer was washed with water, dried over magnesium sulfate and concentrated under reduced pressure. The 
residue was chromatogtaphed on silica gel and eluted with a mixture of toluene and ethyl acetate (9 : 1 to 7 : 1 
by volume). The collected tract ons were concentrated under reduced pressure. The crystalline residue was 
20 racrystaJlized from n-haxane to give the objective compound (lb - Id). 

According to the above general procedure, the reaction was conducted under the conditions as shown In 
Table 1 to give the products as shown below and in Table 2. 

6- (3,5^l<erT-butyl^-hydro)cyphetTylthio)h€xanolc acid (lb); 

7- (35^i-toa-butyl-4-hydroxyphenylthIolheptanolc acid (tc); 
25 11-(3^Di-tert-huryUt-hydroxyphenylthio)undecanolc acid (Id). 



Table 1 



30 


Example No. 


r, 


2,6-dMert- 
butyl-4-mer- 
captophenol (II) 
(9) 


Ethanol (ml) 


5N NaOH (ml) 


Bromoalkanoic 
acid (g) 




2 


5 


2.0 


18 


3.36 


1.63 


35 


3 


6 


2.0 


18 


3.36 


1.75 
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10 


Q£ J 
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Exam ple 5 

12-(3,5-Oi-[wl-bulyM-hydroxyphwiy1rh!o)dodecanc4c acid (le):- 



(CH 3 ) 3 C 



(CH 3 ) 3 



H0 \ / SH 
(CH 3 ) 3 C/ 



(ID 



H0 ^L/ S (CH 2 ) H C00H 



(CH 3 ) 3 C^ 



Ue) 



To a solution of 2.&<Ji-tef1-butyf^-mercaptophenol (II) {477 mg; 2 mmol) in dry ethanol (2Q ml), water 
containing 12-brcmododecanolc add (558 mg; 2 mmol) and 97 Qfe sodium hydroxide (250 mg; 6 mmol) was 
added, and the resultant mixture was allowed to stand at room temperature for 20 hours. The reaction mixture 
was made acidic with 10 Wb aqueous acetic acid and extracted with ethyl acetate. The extract was washed two 
rjmes with water, dried over anhydrous sodium sulfate and concentrated under reduced pressure. The crude 
product thus obtained was chromatographed on silica gel and eluted with ethyl acetale. The collected 
fractions were concentrated ur der reduced pressure. The residue was recrystaffired from a mixture of water 
and methanol (1 : 1 by volume) to give ihe objective compound (le) (680 mg). Yield, 78 m.p., 41 -42*C. 



Elementary analysis IC2SH44O3SI: 



CaJed. 
Found 



m- C, 
m- c, 



71.51; H, 
71.15; H, 



10.16; S. 
10.32; S. 



7.34. 
7.13. 



IR v max (Nu|ol) cm-i : 3640 (OH), 1720, 1695 (CO). NMR 8 ppm (CDCb); 1.25 ( 9( 18H. 16 x CH 2 ), 1.42 (s, 18H, 2 
X C(CH 3 )a). 1.60 (m. 2H, -CH 2 CH 2 CO-J. 2.31 (t, 2H, CH 2 CO). 2.80 (t.2H ( -SCH 2 -), 5.22 (s, 1H, OH), 7.20 (s, 2H, 
35 aromarlc H). 

Example 6 

3-(3,5-Di-tert-t)utyl-4-hydroxy)phenytthioacrylic acid (If):- 



(CH 3 ) 3 C 



EH) 



(CH 3 » 3 C, 

HoY/ N VsCH=CHCOOCH 3 
(CH„),c' 



3'3 V 



(If-*) 



(CH 3 ) 3 C, 

RO-^ V \-SCH=CHCOOH 
(CH^c' 



(If-b) 
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To a solution of 2.6^o5-tert-bu*y1-4-mercaptophenol [il) (980 mg; 4.11 mmol) in dry tetranydrofuran {20 ml], 
methyl propiolale {360 mg; 4.3 mmol) and N-methylmorphoflne (4S5 mg; 4.3 mmot) were added, followed by 
heating under reflux for 3 hours. The reaction mtxiuro was concentrated undar reduced preasusre and 
extracted with ethyl acetate (100 ml] . The extract was washed with water (100 ml) two times and concentrated 
under reduced pressure to give an intermediate ester as colorless crystals (lf-a) (1 23 g) Yield, 96.6 % m.p.. 
102 - 103* C. The inter mediate ester (128 g) was dissolved in ethanol (50 ml), 10 <Vfc sodium hydroxide solu lion 
(20 ml) was added thereto, and *.he resultant mixture was allowed to stand at room temperature for 20 hours. 
To the reaction mixture, acetic acid (2 ml) was added, and the resulting mixture was concentrated under 
reduced pressure. The oily substance as precipitated was extracted wtth ethyl acetate (50 ml). The extract was 
washed wRh water (SO ml) two times, dried over anhydrous sodtum sulfate and concnetrated under reduced 
pressure. The crystalline residue was recrystalfeeu* from a mixture of water and methanol (1 : 1 by volume) to 
give the objective compound (ff-b) (890 mg). Yield. 70%. m.p., 217-210*C. 

Elementary analysis ICitHj+OjS): 

CaJcd. (Vo): C. 66.20; H, 7.B4; S, 10.30. 

Found (<Vb): C. 66.85; H. 7.82; S, 1024. 

IR v max (Nujol) enr 3630 (OH), 1692. 1670 (CO).NMR 6 ppm (CDCb): 1.45 [s, 10H, 2 x C(CH a ] j), S.42 (s, 1H. 
OH). 5.52 (d, 1 H, J - 15 Hz. - C4-CO), 726 (s, 2H, 2 x aromatic H). 7.89 (d. 1 H, J - 15 Hz, -S-CH=). 

Example 7 

6-(3.5-D)-t9rt-buty1-4-hydroxyDheny1ttiio)-2,'t-hexadienolc acid (lg)> 



To a solution of 2,6-dl-t9rt-b<j.tyl-4-mercaptopheno! (II) (238 mg; 1 mmol) in dry ether f5 ml), tricthylamine 
(150 id) was added, and a solut on of methyl 8-bromo-2.4-hexadieno*te (205 mg; 1 mmol] in dry ether (2 ml) 
was added thereto while cooling with ice. The reaction mixture was stirred at room temperature for 2 hours, 
combined with water (20 ml) and extracted with ether {50 ml). The extract was washed with water (50 ml) two 
times, dried over anhydrous sodtum sulfate and concentrated under reduced pressure. The oily residue was 
chromatogmphed on silica go) and eluted with a mixture of ether and n-hexane (1 ; 2 by volume). The 
intermediate product (380 mg) thus obtained was dissolved in ethanol (20 ml), 5 % aqueous sodium hydroxide 
solution (5 ml) was added thereto, and the resultant mixture was allowed to stand at room temperature for 20 
hours. To the reaction mixture, acetic acid (1 ml) was added, and the ethanol was evaporated under reduced 
pressure to make a volume ol about 5 ml. The condensate was extracted with ethyl acetate [50 ml), and the the 
extract was washed with water (50 ml) two times, dried over anhydrous sodium sulfate and concentrated 
under reduced pressure. Tho rosidue was chromato graphed on silica gel and eluted wtth a mixture ct ethyl 
acetate and methanol (10 : 1 by volume). The collected fractions were concentrated under reduced pressure, 
and the crystalline residue was facrystallized from a mixture of ether and n-hexane (1 : 4 by volume) to give the 
objective compound (Ig) (105 mg). m.p., 129 -131* C. Yield. 30 Vo. 

Elemontary analysis (C2oHzaOaS) : 

Wed. (Vo): C, 68.93; H, 8.10; S, 9.20. 

Pound <W»: C. 68.84; H. 8.07; S, 9.06. 

IR v max (Nujol) enr i : 3640 (OH), 1090, 1 675 (CO) NMR 5 ppm ICOCb) : 1 .40 (s, 1BH, 2 x C(CH 3 )s) 3 40 (d 2H 
J - 7 Hz. SCH 2 ). 525 (s, 1H, OH). 5.65 - 6.39 (m, 4H. -CH=CH-CH«CH-]. 7.22 (s, 2H, 2 x aromatic H), 9.20 
(broad. 1H. COOH). 



10 



15 



20 



25 



30 



as 



40 



45 



SO 




9 



JftN 07 '00 10:33 



600-422-1337 



PAGE. 10 



To: Sherry Knowles Froa: ReedFa* Information Servicettn) 1-7-20B0 10:27aa p. 11 of 15 

EP 0348203 A1 

Example B 

4-(3>Di-tBrt-butyl-4-hydroxyphcny1thio)croionte acid (lh]> 



50 



5f 



H0 \L/" SH * HO-T_n-SCH 2 CH=CHCOOH 

10 (CHj) 3 <y (CH 3 ) 3 C/ 

(II) dh) 

15 

To • solution of 2.6-di4crt-butyl-4-mercaptophenol (II) (590 mg; 2.48 mmol) m dry ether (10 ml), 
triathylamine (303 mg; 3 rnmol) was added, and a solution of ethyl 4-bronwcruionate (580 mg; 3 mmol) in dry 
ether (5 ml) was added while cooling with lea, followed by stirring at room temperature tor 2 hours. The 

20 reaction mixture was combined with water (50 ml) and extracted with ether [50 ml). The extract was washed 
with water (50 ml) two times and concentrated under reduced pressure. The crude intermedial* product as 
pale yellow oil was dissolved In ethanol (30 ml), 10 *A> sodium hydroxide solution [3 ml) was added tt tereto. and 
the resultant mixture was stirred at room temperature for 2 hours. To the reaction mixture, acetic acid (2 ml) 
was added, and ihe resulting mixture was concentrated under reduced pressure to make a volume of about 10 

25 ml. which was extracted with ethyl acetale (50 ml). The extract was washed with water (50 ml) two times, dried 
over anhydrous sodium sulfate and concentrated under reduced pressure. The residual oil was 
chromatographed on silica gel and eluted with ethyl acetate. The collected fractions were concentrated under 
reduced pressure, and the crystalline residue was recrystallized from n-pentane to give the objective 
compound (Ih) (270 mg). m.p. 104 - 105" C. Yield, 31 

30 

Elementary analysis (CioHaeOsS): 

Calcd. (Vg): C 67.05; H, 8.13; S, 9.94. 

Found (Vo): C. 66.99; R 8.11; S, 10.04. 

35 

IR v max (Nujcl) cm" 1 : 3640 (OK). 1713, 1705 {COJ.NMR 6 ppm (CDCfs) : 1 43 (s, 18H, 2 x C(CH S ) 3 ). 3-34 (d, 2H. 
J = 6 Hz, -SCHa-), 5.26 (s, 1K OH). 5.75 (d, t, 1H, J = 15 Hz and 6 Hz, -CH 2 CH- ), 6.30 (d, 1H r J = 15 Hz, 
=CHCO), 7.22 (s, 2H. 2 x arcrnatic H), 

40 Example 9 

alpha-[3,5-Di-terl-buty1-4-hydrotyphenvlthio)-p-toluic acid (li):- 

* tCH 3 ) 3 (\ (CH 3»3 C \ 

H ° v3" SH * HO^^-S-CH 2 -^^-COOH 

(CH 3 ) 3 C/^ (CH 3 ) 3 C/ 



(ID (Ii) 



To a solution of 2,6-di-tert-outyl-4-mcrcaptophencl (it) (500 mg) In ethanol (5 ml), 5N sodium hydroxide 
solution (0.33 ml) was added while cooling with ice in nitrogen stream, and the rosultanl mixture was kept at 
the same temperature for 3 minutes. After addition of alpha-bromo-p-toluic acid (451 mg) thereto, the reaction 
mixture was stirred for 1 hour, ooured into water and made acidic with 2N hydrochloric acid In the presence of 
60 ethyl acetate, followed by ex-ration with ethyl acetate. The extract wae washed with water, dried over 
magnesium sulfate end concentrated under reduced pressure. The residue was chromatographed on silica gel 
and eluted with a mixture of n-Sexane and ethyl acetate {9 : 1 to 2 : 1 by volume). The collected fractions were 
concentrated under reduced pressure, and the crystalline residue (655 mg] was reorystaJllzed from a mixture 
of ethyl ether and n-hcxane to give me objective compound (li) (620 mg). m.p., 177 - 179*C. Yield, 79.3 °/b. 

06 
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Elementary analysis (CmHjbOsS): 

Calcd. (<U>): C. 70.93; H, 7.58; $, B.61. 

Found (%): C. 70.87; H, 752; S. 8.43. 

S 

IR v max (CHCIa) cm"*: 3640. 3525, 3015 (br), 1733, 1895, 1611, 1&76.NMR S ppm (CDCU): 1.S5 (s, 18H), 3.97 
{a, 2H), 5.22 (8. 1H), 7.07 (s. 2K), 7.23 (2H, A 2 8 2 q-A part J - 8Hz), 8.00 (2H, Aa8iq-B part J = 8Hz). 

The pharmacological activities of some of the compounds (I) are illustratively shown in [he following Tost 
Examples. 

w 

Test Example 1 

Activity of the suppression or tne oxldailon or LDL by Cu 4 *. forming denatured LDL- 

Tha suppressive activity wes evaluated by (1) the suppression of tho increase in the formation of 
thiobarbituric acid-reactive substance (TBA reactive substance) and 12) the suppression of Incorporation of is 
cupric ion oxidized LDL by macrophage measured as the amount of Incorporated u C-olete acid es Its 
cholesteryl ester. The observation was carried out In the manner as sat forth below according to the disclosure 
m Yokodo ct aJ.: Journal of Cr.nlca! Investigation (J.CIin.lrwest), 81. 720 - 729, 1988). 

The test compound was dissolved in dimethyl sulfoxide (DMSO) to make a concentration or 250 mM and 
diluted with elhanol to make a f naJ concentration or 2 mM. For comparison, 2,Wtoert-butyM-methy1phenol 20 
(BHD was dissolved In ethane I to make a final concentration of 2 mM. 

Separately, human LDL was suspended in a 5 uM copper sulfate solution (II), prepared by the Yokode et el 
method, to make a concentration of 0,38 ing/ml. Tu 1 ml of the suspension, 10 uJ of the test compound solution 
were added to mako a final concentrate of 20 uAt. followed by incubation at 37* C for 24 hours In the presence 
of u C-oleic acid. 25 

(1) Quantitative analysis of peroxidized lipid (TBA reactive substance) :- 

Said Incubated solution was subjected to measurement of the amount of peruxidired lipid es the amount of 
malondiaJdehyde estimated frcm the amount of the TBA reactive substance. Narrwly, ihw TBA reactive 
substance in the supernatant o the incubated solution after removal of proteins therefrom was measured by 30 
the TBA method. The results are shown in Table 3. 



Table 3 



Test compound 


TBA reactive substance 




(nmol 




maiondlaldehyde/mg 




protein) 


lb 


27.8 


Birr 


31.9 


Control 


48.6 



(2) Activity of the suppression on the Incorporation of LDL by macrophages :- 

Said incubated solution was combined with macrophages to make a concentration of 60 jig/ml In terms of 
proteins and Incubated in a CO: incubator at 37 ft C for 6 hours in the presence of "C-labeled oleic acid. The 
amount of LDL taken Into macrophages was determined as the amount of the incorporated 1 «C-oleic acid into 
macrophages as its cholcstery! ester. The results are shown In Table 4. 



Table 4 



Test compound 


Crio'esteryl.[ 14 C] oleale 




[imol/mg of cell 




protein/6 hrs) 


lb 


0.52 


BHT 


0.24 


Control 


3.18 



As understood from Tables 3 and 4 above, the compounds (I) exert remarkable suppression on the 
production of peroxidized lipid by oxidation of LDL and also prevent the accumulation of cholesteryl esters In 
macrophages. 
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Teat Example 2 

Suppression cn production of peroxidiied lipid in a homogenate of rat brain:- 
SD stSn rats (body weight, about 200 g) were sacrificed by cutting the* heads, md J* J^^jJ^ 

S^Sd .t 1,000 g for 10 minutes. The supernatant was kaot at -80- C for atorage 
Tstit wa^Sted » a 2 time amount cl the aama ph "5^2*™" 

S P " c m^ 

tn Vo control. The results are shown In Table 5. 
Table 5 





Test 


. r 

Final 




Peroxidized 


20 


compound 


concentration 


Lipid produced 




(mM) 


(expressed 






in<V* to 






• 


control) 




i* 


0.001 


BG7 






0.01 


22.6 






0.1 


6.9 




lb 


o.oo-. 


73.8 






0.01 


6.1 


30 




0.1 


0 




Ic 


0.001 


07.3 






0.01 


24.9 






0.1 


6.4 


3S 


Id 


0.001 


67.9 






0.01 


19.1 






0.1 


38 




le 


0.001 


855 






0.01 


22.5 


40 




0.1 


6.4 




H-b 


0.X1 


968 






0.01 


72.8 






0.1 


10.3 


AC 


Ih 


0.001 


97.4 




0.01 


39.3 






0.1 


6.6 




li 


0.001 


93.4 






0.01 


28i 


SO 




0.1 


5.3 




Probucoi* 


0.001 


102,4 






0.01 


5B.3 






0.1 


27.8 


55 


Note: 







SO 



65 



• Commercially available (Me ek index (10lh Ed.) 
7657). 

IT is understood from Table 5 above, the compounds (I) according to the invention show an excellent 
anti-oxidation activity to lipids and can be expected to Inhibit the formation of atheroma (the initial process for 
arteriosclerosis]. Thus, they would be useful an anti-sclerosis drugs. 

In addition, the compounds (I) are expected to show prevention of the Incorporation of denatured ldl by 
macrophages due to cigarette smoking 
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Claims 



i . A phenolic thioether of the f ormiia : 
S-X-COOR 



(CH 3 ) 3 0 




10 

tCH 3 ) 3 C 

wherein R is a hydrogen atom or a protective group for carboxyl, X is a straight or branched C4-C15 
alkyiene group, a straight or branched C1-C15 atkylene group having a phenyl en© group or a straight or 
branched C2-C1 5 alketiyiene group. is 

2. A phenolic thioether according to claim 1 which is a3,5-di-terl-butyl-4-hydroxyphenylthlo-(C4-Ci$)ai- 
Kanoic acid, e.g. r>(3^dMert-butyM4ydroxyphenytthlo)pentanoic add. W3,5-df-tert-butyl-4-hydrwxy- 
phenylthlolhexanoic acid. 7-(3,Wi-tert-butyM-hydro)0/phenyimio)heptanolc acid, li-(3,6-dl-tert-butyt- 
4-hydrovyphanylthio)undec&noic acid, or 12-(3,5-d1*ten-butyi-4-hydroxyphenytthio)do- decanoic acfd, a 
3,5^1-tort-butyt^hydroxyphBnytthio- (Ca-Cn)alkenoic acid. e.g. 3-(3.Wi-tert-butvl-4-hydroxyph«* 20 
nytthlo)acryhc acid, 6-f3.5^^ten^utyM-rvdroxypherivhMo)^4^exa^ienolc add, or4-(3.5-di- tert-butyl- 
4-hydroxyphenyllhio)cro1oric add, a 3^l-»rt^utyM-hydroxyph8nvtthio-{Ci-CuJatkyt- hanzoic acid. 

e.g. afpha-(3,5-di-tert-bulyi-*-hydroxyphenytthlo)-p-tofuicacid. 

3. A salt of a phenolic etrw as claimed In claim 1 or claim 2. 

a. A process for the Deduction of a phenolic thio ether as defined in claim 1 or a salt thereof, which ss 
process comprises rencclnc a compound of formula 

(CH 3 ) 3 C 




(ID 



30 



with an alkylating agent, optionally followed by cartooxyl-protecting group formation, carboxyl-proiecting 
group elimination, or suit formation. S5 

6. A pharmaceutical or vaierinary formation comprising a phenolic ttiioether as defined in claim l or 
claim 2 or salt thereof formulated for pharmaceutical or veterinary use, respectively, optionally together 
with an acceptable diluent, carrier or axcipient and/or In unit dosage form. 

S. A pharmaceutical composition for the prevention or treatment of arteriosclerosis, which comprises 
an effective amount of a phenolic thio ether as defined In claim 1 or daim 2 or salt thereof as an active 40 
ingredient, and apharmacejlicaiiy acceptable inert carrier or diluent 

7. A phenolic thioether as defined In claim 1 or claim 2 or salt thereof for use In ths prevention or 
treatment of arteriosclerosis. 

S. The use of a phenolic 1 hioether as defined in daim 1 or daim 2 or salt thereof In The preparation of a 
medicament. 45 

9. A method for the manufacture of a pharmaceutical or veterinary formulation comprising formulating a 
phenolic thioether as defined In claim 1 or claim 2 or salt thereof for pharmaceutical or veterinary use, 
respectivery. optionally toocthcr with an acceptable diluent, carrier or exctplent and/or in unit dosage 
form. 
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